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157] ABSTRACT

Polystyrene having a high storage modulus is blended
with a polyolefin, and the blend is converted to a mixed
melt which is caused to flow and then a cooled and
solidified to form a substantially solid two phase com-
posite. The high storage modulus polystyrene provides
particularly good results. Especially good properties
are achieved at about 35% polystyrene by weight. Ei-
ther or both components may be recycled materials and
may incorporate minor amounts of other plastics as
contaminants.

20 Claims, 3 Drawing Sheets
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1 .
METHOD OF DERIVING POLYSTYRENE AND
POLYOLEFIN PLASTICS COMPOSITE FROM
RECYCLED PLASTICS

BACKGROUND OF THE INVENTION

The présent invention relates to the art of plastics

materials and plastics processing, and more particularly
relates to the art of making plastics composites, partlcu-
larly from recycled materials.

Synthetic polymers such as polyolefins, particularly
polyethylene, have come into ever increasing use for
many household applications such as packages for con-
sumer goods, wrapping film, bags and the like. Modern
methods of making these polymers have created strong
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typically more than about 75 percent by weight poly-
olefins, of which the majority ordinarily are polyethyi-
ene.

It has been observed heretofore that the tailings frac-
tion can be comminuted, melted and melt-formed.
However, the formed articles typically have relatively
poor physical properties, such as low compressive mod-
ulus and low vyield stress. These factors severely limit
the types of products which can be made from the tail-
ings fraction and hence limit the market for the recycled
products. Likewise, the market for recycled high den-
sity polyethylene such as that derived from milk con-

- tainers is limited by the relatively low strength and

13

and economical materials which have gained progres- -

sively increasing acceptance by consumers. These mate-
rials are extraordinarily durable, and are essentially
impervious to decay. Modern production methods
make articles from these materials so economically that
the same often are regarded as disposable items, to be
used once and discarded. There has been a growing
realization that the discarded materials should not be
disposed of in landfills or by incineration, but rather
should be reclaimed to recover these materials in usable
form.

Scrap consisting of a single type of polymer ordinar-
ily can be recycled by standard industrial processes.
However, mixed plastic wastes pose more difficult
problems. Ordinarily, plastics collected from consumers
such as those retrieved from household wastes incorpo-

rate many different types of plastics and accordingly are
not normally considered suitable for recycling by the
conventional techniques used with pure plastics. Such
mixed waste streams are referred to in the recycling art
as “‘postconsumer” wastes. Techniques have recently
been developed for reclaiming the most valuable and
most readily identifiable constituents of such a mixed
waste stream. With the development of improved tech-
niques for recycling soft drink containers made princi-
pally of polyethylene terrepthalate (“PET”) with or
without polyethylene parts, it has become economically
feasible to segregate such bottles from the mixed waste
stream and recycle the so segregated bottles. These
bottles constitute an appreciable fraction of the incom-
ing waste stream and can be identified by their size and
shape so that it is feasible to segregate the soft drink
botties manually. Likewise, milk containers, which are
almost universally formed from high density polyethyl-
ene (“HDPE”) constitute a substantial and readily iden-
tifiable fraction of the waste stream which can be segre-
gated manually. Once the milk containers have been
segregated from the remainder of the waste stream and
cleaned, they provide essentially pure high density
polyethylene which can be recycled in conventional
ways.

These efforl;s however, provide only a partial solu-
tion to the problem. After segregation of the PET and
HDPE containers, there is still a fraction, commonly
referred to as *“tailings”, which consists of many differ-
ent types of plastic items, including films, containers,
bags and the like. It is ordinarily not feasible to separate
different items constituting this mixture as they are
present in relatively small quantities and are difficult to
identify. Moreover, some of the items in this mixture
incorporate laminates or composites containing differ-
ent types and/or grades of plastics. Ordinarily, the tail-
ings fraction includes more than about 50 percent and
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stiffness of this material.

There have accordingly been attempts heretofore to
enhance the strength and stiffness of recycled HDPE.
As set forth in the paper “Physical Characteristics and
the Properties of Profile Extrusions Produced from
Post Consumer Co-mingled Plastic Wastes”, Renfree et
al, 1989 Antec-47th Annual Technical Conference of
the Society of Plastics Engineers, polystyrene can be
coextruded with high density polyethylene recycled
from milk containers. A coextruded blend including 50
percent polystyrene and 50 percent recycled HDPE (by
weight) provides somewhat higher yield strength and
compression modulus than other blends of plastics such
as 100 percent tailings fraction. These results have not
been mdely accepted in light of the common knowl-
edge in the art that polystyrene and polyethylene are
immiscible and mutually incompatible plastics which
ordinarily would be expected to yield poor properties if
processed together. The methods according to this
paper have been subject to unpredictable batch to batch
variations in practice. Thus different batches of the
polyethylene/polystyrene blend according to the Ren-
free et al. paper with ostensibly similar composition and
processing conditions have produced markedly differ-
ent physical properties. These inexplicable variations
have posed a significant deterrent to any attempt at
practical application of the Renfree et al. teachings
regarding such blends. Moreover, the Renfree et al.

‘paper does not say whether polystyrene can be used

successfully as an additive with other polyolefin or
principally polyolefin plastics such as the post-con-
sumer tailings fraction mentioned above.

Accordingly, there have been significant unmet needs
for still further improvement.

SUMMARY OF THE INVENTION

The present invention addresses these needs.

One aspect of the present invention provides methods
of making plastics composites. A method according to
this aspect of the present invention desirably includes
the steps of making a mixed melt consisting essentially
of a high melt strength polystyrene component and a
polyolefin based component, 1.e., a component consist-
ing of at least about 50 percent polyolefins. Desirably,
the polyolefin component includes at least about 75
percent polyolefins and more desirably up to about 100
percent polyolefins. The polyolefins in the polyolefin
component typically include polyolefins selected from

- the group consisting of high density polyethylene, low

65

density polyethylene, polypropolyene and mixtures
thereof, and may consist essentially of high density
polyethylene. The method desirably further includes
the step of forming the mixed melt so that the mixed
melt flows during the forming process, as by extruding
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the mixed melt, and then cooling the mixed melt soasto

3

provide a solidified product.

This aspect of the present invention incorporates the
discovery that use of a high melt strength polystyrene,
having appreciable cohesion in the melt state above the
glass transition temperature of the polystyrene provides
unique advantages in the mixed melt forming and solidi-
fication processes. In particular, the high melt strength

polystyrene and the polyolefin component tend to form

interspersed phases, one consisting predominantly of
polystyrene and the other consisting predominantly of
the polyolefin component. These phases become inter-
spersed in a manner such that the polystyrene based
phase provides substantial structural reinforcement to
the polyolefin based phase. As further discussed herein

10
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below, the high melt strength polystyrene tends to form -

a microscopic fibrous structure interspersed with the
polyolefin based phase. Although the present invention
is not limited by any theory of operation, it is believed
that formation of such a fibrous structure, and the sub-
stantial increase in physical properties observed with
highmelt strength polystyrene, derive at least in part
from the melt strength of the polystyrene. It is believed

that the physical cohesion of the high melt strength

polystyrene based phase favors formation of intercon-
nected fibrous structures, elongated fibers and the like
rather than discrete, disconnected globules or granules
of the polystyrene based phase. |

A further aspect of the present invention incorporates
the discovery that particularly enhanced physical prop-
erties are achieved when the polystyrene component
constitutes about 30 percent to about 40 percent, and
most desirably about 35 percent by weight of the mixed
melt and hence constitutes about the same percentage
by weight of the final product. Within this preferred
range, the process yields particularly good physical
properties such as particularly high compression modu-
lus of elasticity, yield stress and compression strength.
Although all of these properties tend to increase gener-
ally with the percentage of polystyrene at least up to
about 50 percent polystyrene by weight, the values
observed in the preferred range, and particularly at
about 35 percent, are surprisingly high and are signifi-
cantly greater than would be expected from the general
trend of increase with increasing polystyrene content.
Here again, the present invention is not limited by any
theory of operation. However, it is believed that the
extraordinary properties achieved in this particular
range of compositions result at least in part from a
unique structure which forms within this range. In the
preferred range, and particularly at about 35 percent
polystyrene by weight, the polystyrene based and poly-
ethylene based phases tend to exhibit an interpenetrat-
ing structure in which both phases are continuous and
both phases are entangled with one another. Moreover,
with the preferred ranges of polystyrene contents, the
polyolefin phase appears to have a depressed degree of
crystallinity.

Additional aspects of the present invention incorpo-
rate the discovery that the results discussed above
occur even where the polyolefin based component in-
cludes substantial amounts of impurities such as non-
polyolefin polymers pigments and uncharacterized con-
taminants dispersed in or dissolved in the polyolefins.
Thus, the polyolefin based phase may be a fraction
recovered from a mixed plastics waste stream such as
the aforementioned tailings fraction. This aspect of the
present invention provides improved processes for re-
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4

cycling plastics waste. Processes according to this as-
pect of the present invention may include the step of
recovering a polyolefin based fraction from a mixed
plastics waste stream, making a mixed melt including
the polyolefin based fraction and a high melt strength
polystyrene component, forming the mixed melt so that
the mixed melt flows during forming and then cooling
and solidifying the formed mixed melt to form a sohd
product. The recovering step desirably includes the step
of removing PET containers from the mixed waste
stream and may also include the step of removing poly-
ethylene containers such as milk containers from the

mixed waste stream to leave as the polyolefin based

fraction the aforementioned tailings fraction. The tail-
ings fraction is then blended with the polystyrene based
component to form the mixed melt. Alternatively, some
or all of the polyethylene based containers in the waste
stream may be left in the fraction used in the mixed
melt. Desirably, the fraction includes at least about 50
percent, and preferably at least about 75 percent poly-
olefins, and desirably the polyolefins in the fraction
include mainly high density polyethylene.

A further aspect of the present invention provides a
plastics composite consisting essentially of a polyolefin
component and a polystyrene component, the compos-
ite including a fibrous phase consisting essentially of the
polystyrene component,interspersed with a polyolefin
based phase consisting essentially of the polyolefin com-
ponent, the two phases cooperatively constituting a
substantially solid matrix in which the polystyrene
based phase mechanically reinforces the polyolefin
based phase. The polystyrene based and polyolefin
based phases may constitute substantially interpenetrat-
ing networks. The polystyrene based phase may consti-
tute discrete elongated fibers extending generally codi-
rectionally with one another and dispersed 1n the poly-
ethylene based phase. The fibers desirably have a mean
length to diameter ratio of at least about 5 and more
desirably at least about 8, and typically have a mean
diameter less than about 15 microns. The polystyrene
component preferably constitutes about 30 percent to
about 40 percent by weight of the composite and most
preferably constitutes about 35 percent by weight of the
composite. Most preferably, the polystyrene compo-
nent is a high melt strength polystyrene. The polyolefin
component desirably includes a recycled fraction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a microphotograph of a plastics composite
in accordance with one embodiment of the invention.

FIG. 2 is a further microphotograph of the composite
of FIG. 1. | |

F1G. 3 is a graph of certain thermal properties versus
polystyrene content.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A method in accordance with one embodiment of the
present invention begins with a mix of plastics waste
products collected from residences by a municipal recy-
cling program. The recycling program is conducted
under a plan which asks consumers to deposit only
unpigmented high density polyethylene and polyethyl-
ene terepthalate bottles. The polyethylene terepthalate
(“PET”) soda bottles and high density polyethylene
(“HDPE”) milk containers are manually removed from
the stream of plastic waste collected in the recycling
program. After such removal, there is still a substantial
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fraction of unwanted, commingled plastics. This mix-
ture is referred to as “curbside tailings” to indicate that
it represents the tailings fraction of materials collected
“at curbside’” from the residences. Also, the material
may be referred to by the geographic location of the
recycling program as, e.g., New Jersey curbside tailings
or “NJCT” to refer to the curbside tailings fraction of
plastic waste retrieved within New Jersey. The term
“NJCT?” as used in this disclosure should be understood
as referring to such a fraction. | _
Tailings fractions such as NJCT consist principally of
polyolefins. They typically incorporates more than
about 75% polyolefins, and ordinarily more than about
90% polyolefins. The polyolefins in NJCT ordinarily
include more than about 50% by weight high density

polyethylene, and typically more than 75% by weight

high density polyethylene. NJCT may include minor or
trace amounts of low density polyethylene, polypropyl-
ene and other polyolefins as well as some small amounts
of other plastics such as polyvinylchloride, polyvinyli-
dene chloride, and polistyrene. The non-polyolefin
plastics, when present in NJCT, typically are present in
amounts so small that they do not appreciably change
the properties of the mixture. Although the composition
of NJCT varies slightly from day-to-day depending
upon the exact items collected, NJCT can be said to
consist essentially of polyolefins.

"~ NJCT has a bimodal molecular weight distribution '

and hence aiso has a bimodal melt flow distribution.
That is, the polyolefins in NJCT include a high melt
flow (typically, low molecular weight) component hav-
ing a melt flow index of at least about 10 and preferably
somewhat higher, and also include a low melt flow
component having a melt flow index of about three and
desirably even lower, such as below about 1.0. As used
in this disclosure with reference to polyolefins, the term
“melt flow index” should be understood as referring to
the melt flow index as measured in accordance with
American Society For Testing and Matenals
(“ASTM”) standard D1238-86, according to condition
190/2.16 of that standard, unless otherwise specified.
The melt flow index of each component must be mea-
sured separately. The melt flow index test, if applied to
the mixture per se would yield only a single, aggregate
melt flow index figure for the entire mixture. Therefore,
references to the melt flow indices of components in a

mixture of plural plastics should be understood as refer-

ring to the melt flow indices of these components taken
- individually.

The milk containers removed from the incoming
waste stream provide another useful source of a plastic
material consisting essentially of polyolefins. Typically,
the milk containers removed from the stream consist
essentially of high density polyethylene, and have bimo-

dal molecular weight and melt flow index distributions.

Thus, the recovered milk containers typically include
the container walls, which are composed of relatively
low melt flow HDPE, typically having melt flow less
than about three and ordinarily less than about one, and
also include a minor fraction of bottle cap material
which has a relatively high melt flow index, typically
above about 10. |

Thus, the incoming waste, after removal of the PET
bottles, yields two different components, each consist-
ing essentially of polyolefins viz, the HDPE bottles and
the NJCT. Either of these components, or mixtures of
the two, maybe employed as a polyolefin based fraction
in manufacture of composites including the present
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6

invention. Mixtures of the HDPE bottle fraction and
the NJCT fraction can also be employed. Further, other
polyolefin based plastics can be utilized, including vir-
gin HDPE and/or mixtures of virgin polyolefins can be
employed. Likewise, virgin polyolefins can be incorpo-
rated in mixture with recycled polyolefins such as recy-
cled milk bottles and/or NJCT and other tailings frac-

tions.

The polyolefin component desirably is comminuted
to a reasonable particle size for handling and processing
in plastics forming equipment such as mixers, extruders

-and the like. The particle size is ordinarily not critical,

so that particle sizes corresponding generally to those
employed for plastics resin peliets are useful. Thus the
polyolefins component may be comminuted to about
one cm or smaller particles. Where the polyolefin frac-
tion is reclaimed from a waste stream, it typically in-
cludes many thin walled items such a containers, films
and the like. In this case, the polyolefin component,
after communiution, ordinarily will be in the form of
flat flakes with major dimensions of about 1 cm or less
and minimum dimensions of about 1 mm or less.

The polyolefin component is used in conjunction
with a polystyrene based component. The polystyrene
based component most preferably consists essentially of
polystyrene, and the polystyrene based component de-
sirably has high storage modulus, most preferably
above about 10 Pascals and preferably above about 107
Pascals. As used in this disclosures with reference to
polystyrene and/or polystyrene based materials, the
term “storage modulus” should be understood as refer-
ring to the storage modulus of the polystyrene base
component measured at 10 hz, 200 degrees C, with
strain of 1% of less using a Rheometrics cone and plate
apparatus of the type supplied by Rheometrics Inc. of
Piscataway, New Jersey. The storage modulus value,
commonly referred to in the literature as G’ represents
a measure of the tendency of a molten polymer to store
energy upon deformation. The storage modulus of a
polymer thus represents a measure of the degree of
cohesion of the polymer in the molten state. An ideal
Newtonian fluid which does not store any energy upon
deformation would have a storage modulus of 0. Stor-
age modulus is measured by applying a cyclical, known
strain to the material and monitoring the stress, as by
monitoring the forces exerted by or on the material.
With material having storage modulus of 0, the stress is
exactly out of phase with the strain. As the storage
modulus of the material increases from 0, the stress and
strain become in phase. Techniques for measuring stor-
age modulus are well known to those skilled in the art of
polymer science. |

The polystyrene component may be either a virgin
polymer or recycled material. Generally, high average
molecular weight polystyrenes tend to have high stor-
age modulus, although the storage modulus also de-
pends to some degree upon the molecular weight distri-
bution as well as the average molecular weight. Recy-
cled polystyrenes can be employed, but should be se-
lected with respect to their storage modulus. For exam-
ple, some recycled polystyrene derived from foamed
polystyrene containers have the desired high storage
modulus, whereas others do not. Streams of waste poly-
styrenes with consistent storage modulus values are
obtainable from the scrap generated in manufacture of
food trays and also from high volume users of such
products, such as institutions and so called “fast
food”restaurants which obtain containers in uniform
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grades from the consistent suppliers. Where recycled
polystyrenes are employed, the same desirably are com-
minuted to substantially the same particular sizes as
discussed above with respect to the polyolefin compo-
nent. Where the polystyrene is derived from foamed
polystrene waste, 1t 1s desirable to compress or repelle-
tize the material to a substantially solid form before use.

The polystyrene and the polyolefin component desir-
ably are blended using conventional plastics processing
equipment such as tumble blenders. Alternatively, the
polystyrene and polyolefin components may be metered
simultaneously into the melt processing equipment and
blended within the melt processing equipment. The
polystyrene and polyolefin components are converted
to a mixed melt by supplying energy to the blended

components while mixing them. Some or all of the-

energy may be supplied as mechanical energy by the
mixing apparatus. For example, in a so called adiabatic
extruder, the material being processed is introduced
into a chamber and heated and mixed within the cham-
ber by one or more moving elements such as screws,
drums or the like so as to convert the material to a
mixed melt. The same moving elements pressurize the
melt so that the melt flows out of the chamber through
an exit port. The blended material desirably has a rela-
tively short residence time in the mixing apparatus, so
that the mixed melt 1s expelled from the mixing chamber
as soon as it reaches the melt state.

As used in this disclosure with reference to a thermo-
plastic material or combination of thermoplastic mate-
rial, the term “melt” refers to such a material in a flow-
able state, as distinguished from a substantially solid,
non-flowable state. This term is used regardless of
whether the transformation from solid state to flowable
state involves melting of a crystalline phase or transfor-
mation of an amorphous phase into a flowable state.
Likewise, unless otherwise specifically indicated, the
verb “melt” as used in this disclosure is intended to refer
to transformation from the solid state to the flowable
state, again regardless of whether the solid state is crys-
talline or amorphous. In forming the mixed melt in the
present process, the temperature of the material should
be raised to above the glass transition temperature of the
polystyrene and above the crystalline melting tempera-
ture of the polyolefin component.

The processing equipment desirably is arranged so
that the mixed melt flowing from the exit port of the
mixing chamber flows to form a product of the desired
size and shape. Thus, the processing equipment may
have an extrusion die arranged at the exit orifice of the
mixing chamber so that the mixed melt is formed into a
desired cross section as it passes through the die. Alter-
natively, the processing equipment may be provided
with one or more hollow molds in communication with
the exit port so that the mixed melt flows from the exit
orifice into the molds to form products of the desired
size and shape. The processing equipment desirably also
includes appropriate devices for cooling the mixed melt
after it flows to form the desired product so as to
thereby solidify the mixed melt. As will be readily ap-
preciated by those of ordinary skill in the plastics form-
ing arts, many conventional extrusion and molding ma-
chines have these elements, and can be employed in
processing the blended components.

Merely by way of example, the blended components
may be processed using an extrusion molding machine
of the type sold under the designation ET/1 by Ad-
vanced Recycling Technology Limited of Belgium.
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8

The ET/1 extrusion molding machine incorporates an
extrusion section having a screw disposed within a mix-
ing and extrusion chamber. The screw is driven in rota-
tion by a hydraulic power unit. The power supplied by
the hydraulic power unit 1s converted into heat within

the mixing chamber by the interaction of the screw and
the material being processed, and the screw pressurizes
the molten material within the chamber and forces it out

through the an exit port at a downstream end of the
chamber. The length to diameter ratio of the screw in
the ET/1 machine is about 11:1. The ET/1 machine 1s
equipped with a plurality of elongated hollow molds
disposed on a rotable carousel so that each mold can be
brought into alignment with the exit orifice of the extru-
sion apparatus and filled by the material forced out of
the extruder. A water bath is provided for cooling the
molds after the same have been filled.

Desirably, the blended components are brought to a
temperature above about 180° and typically between
about 180° C. and 240° C., more preferably between
about 200° C. and 220° C. in making the mixed melt.
The mixed melt desirably is at a temperature within
these ranges when the mixed melt is caused to flow to
form the desired article. The product desirably is cooled
to below the glass transition temperature of the polysty-
rene component and below the crystalline melting point
of the polyolefin component to solidify the product.
Desirably, the product is cooled to below about 50° C.
and typically to about room temperature i.e., about 20°
C. The product ordinarily is retained in the desired
shape during the cooling cycle, as by a mold in a mold-
ing process. In an extrusion process, the product may be
partially or entirely unconstrained during cooling.

'The product after cooling ordinarily has a two phase
microstucture. One phase consists essentially of the
polystyrene component, whereas the other phase con-
sists essentially of the polyolefin component. Where the
product includes less than about 50% of the polystyrene
component, the polystyrene-based phase 1s present as a
generally fibrous structure. At relatively low polysty-
rene contents, typically about 30% or less, the product
has distinct elongated fibers consisting essentially of the
polystyrene component. These fibers extend substan-
tially codirectionally with one another, generally in the
flow direction i.e., the direction in which the mixed
melt flowed during the formation of the product. The
polystyrene fibers ordinarily have a mean diameter less
than about 15 microns, and typically between about one
micron and about 10 microns, and ordinarily have a
mean length to diameter ratio of at least about 5. more
preferably, the polystyrene component fibers have a
mean length to diameter ratio of at least about 10. As
used in this disclosure, the term ‘““fiber” is not limited to
fibers of round cross-section, but also includes elon-
gated lamellae having flat or plate-like cross-section.
The diameter of such a non-round fiber can be taken as
the mean dimension transverse to the direction of elon-
gation of the fiber. At polystyrene contents above about
30% to about 50%, the polystyrene component is still
present substantially as a fibrous structure, but there is
substantial intertwining and merging of various polysty-
rene fibers, so that the polystyrene component forms a
three dimensional network in which it is difficult to
characterize any single strand of the network as consti-
tuting an individual fiber. At these polystyrene con-
tents, the polyolefin component also forms a three di-
mensional network. The polystyrene component and
polyolefin component networks are interengaged and
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interpenetrating with one another. This structure is
particularly prevalent at polystyrene contents of about
35%. The polystyrene component substantlally rein-
forces the polyethylene component.

The following non-limiting examples illustrate cer-

tain features of the present invention.

EXAMPLES I-VII

Various blends of New Jersey curbside tailings
(“NJCT”) and polystyrene are processed using the
aforementioned ET/1 extrusion molding apparatus.
The molds utilized have 6.4 cm square cross sections
and are 2.41 meters long. The NJCT utilized in all cases
comes from a single batch of uniform composition,
containing at least about 80% high density polyethyl-

10

~ compressive strength are all higher than those achieved
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ene. The polystyrene is from a single batch having stor- -

age modulus of over 100 Pascals. The various mixtures
shown in Table | are processed under substantially
uniform conditions. For example, the screw speed is
maintained constant throughout all runs. Mixing cham-
ber or “cylinder” temperature and the temperature of
the extrusion die are also within about 10° C. over all
runs as indicated below in Table 1. The resulting prod-
uct, in the form of bars 2.41 meters long nd 6.4 cm
square in cross section, is intended for use as a struc-
tureal material and as a replacement for lumber. 12.8 cm
long sections are cut from the center of each bar and
subjected to physical property testing with results as
indicated below in Table 1. In each case, the results
represent a single run except for Example I, which
represents an average of several runs.

20
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at 40% polystyrene.

The 35% polystyrene material is fractured and sub-
Jected to scanning electron microscopy. The product
has an appearance as shown in FIGS. 1 and 2. FIG. 1
represents a photograph of a plane generally parallel to

“ the direction of flow, i.e., generally parallel to the

length of the bar, whereas FIG 2 1s a end view, looking
generally paralle] to the direction of flow at a surface
lying transverse to the direction of flow and hence
transverse to the length of the bar. The relatively
smooth, fibrous appearing structures 10 in FIG. 1 repre-
sent the polystyrene phase, whereas the stippled regions
12 represent the polyolefin based phase. The fibrous
regions 10 extend generally in the direction of flow, but
with substantial extent transverse to the direction of
flow. In FIG. 2, the relatively smooth areas 10 represent
the polystyrene based phase whereas the heavily stip-
pled regions 12 represent the polyolefin based phase.
The heavily intertwined and interengaged nature of the
components is readily seen in FI1G. 2.

The crystallinity of the polyolefin based phase in the

- product i1s measured by the conventional thermal analy-

sis techniques which measure the latent heat of fusion of
the polyolefin based phase. The results are as shown in
FIG. 3. There is a distinct minimum in this parameter at
35% polystyrene. This demonstrates that the polyolefin
phase has a depressed degree of crystallinity where the
composite includes about 35% polystyrene.

Comparative Examplie VIII

, TABLE 1
EXAMPLE MODULUS 'YTEHLI)EIFRJESSZ COMP. ST1£ERQC?TTI TEMPERATURE, °C.
COMPOSITION - PSI PSI PSI CYLINDER/DIE
I 100% NICT 90000 2700 3170 VARIOUS
II 10% PS 90% NICT 144,370 3100 3220 210/210
1 20% PS 80% NICT 163,390 3860 3860 210/210
IV 309 PS 70% NICT 197,600 4350 4350 210/210
V 35% PS 659 NICT 239,000 4950 4050 220/220
V1 10% PS 609% NJICT 222,300 4750 4750 210/210
VII 509 PS 509 NICT 220,000 2320 5320

In the physical property data of Table 1, the compres-
sive modulus for each sample is determined by the slope
of the best fit straight line through the low strain region
of a stress-strain diagram. The compressive yield stress
is determined as the stress to the yield point or, where
there is no discernable yield point, as the stress to pro-
duce 2% offset from the straight line extrapolation of
the initial stress-strain line near 0 strain, commonly
referred to as the “2% offset method.” The compressive
strength is defined as the maximum compressive stress
carried by a sample during a compression experiment
except in the case where the material deforms to 10%
compressive strain without any discernible maximum
stress. In this case the compression strength 1s taken as
being the stress at 109 strain. The physical properties
are measured with stresses and strains parallel to the
direction of flow during formation of the product, 1.e.,
parallel to the long dimension of the bars.

The results indicate that addition of the high melt
strength polystyrene dramatically increases the com-
pressive modulus, yield stress and compression
strength, even where relatively small quantities, such as
20% or less polystyrene are employed. These properties
improve progressively with increasing polystyrene con-
‘tent, but the results achieved are surprisingly and unex-
pectedly favorable at 35% polystyrene. Thus at 35%
polystyrene the compressive modulus, yield stress and
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210/210

The procedure of Example V is repeated except that
the polystyrene employed has a low storage modulus,
appreciably less than 106 Pascals. The resulting product

has a compression modulus of only 175,500 pounds per

square inch versus 239,000 pounds per square inch in
Example V. The yield stress is only 3,790 psi versus
4,950 psi for example § and the compression strength 1s
only 3,790 psi versus 4,950 psi for example V.

As numerous variations and combinations of the fea-
tures described above can be utilized without departing
from the present invention as defined by the claims, the
foregoing description of the preferred embodiments
should be taken by way of illustration rather than by
way limitation of the invention. Merely by way of ex-
ample, additives such as pigments, stabilizers and the
like can be incorporated in the next melt. Also, the
material may be processed into essentially any shape or
form desired.

We claim:

1. A method of making a plastics composite compris-
ing the steps of:

a. making a mixed melt consisting essentially of a
polystyrene having a storage modulus of at least
about 10° Pascals and a polyolefin component in-
corporating one or more polyolefins, said polysty-
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rene and said polyolefin component being in inti-
mate admixture with one another:
b. forming said mixed melt so that said melt flows
during said forming step; and
c. cooling said formed mixed melt to solidify the same
and thereby form a solid product.
2. A method as claimed in claim 1 wherein said form-
ing step includes the step of extruding said mixed melt.
3. A method as claimed in claim 2 wherein said ex-
truding step includes the step of extruding said mixed

melt into a mold, said cooling step including the step of

cooling said mold.
4. A method as claimed in claim 1, wherein said poly-

styrene has a storage modulus of at least about 107 Pas-
cals.

5. A method as claimed in claim 1 wherein said poly--

olefin component includes at least about 75% by weight
of polyethylene, polypropylene and combinations
thereof.

6. A method as claimed in claim § wherein said poly-
olefin component includes at least about 50% by welght
high density polyethylene.

7. A method as claimed in claim 6, wherein said poly-
olefin component includes at least about 75% by weight
high density polyethylene.

8. A method as claimed in claim 7, wherein said poly-
olefin component consists essentially of high density
- polyethylene.

9. A method as claimed in claim § wherein said poly-
olefin component includes a low melt flow component
and a high melt flow component having a melt flow
index substantially higher than the melt flow index of
said low melt flow component.

10. A method as claimed in claim 9 wherein said low
melt flow component has a melt flow index of about 3
or less and wherein said high melt flow component has
a melt flow index of at least about 10.

11. A method as claimed in claim wherein said mixed
melt includes between about 30% and about 40% of
said polystyrene and at least about 50% of said polyole-
fin component.

12. A method as claimed in claim 11 wherein said
mixed melt includes about 35% by weight of said poly-
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styrene, and about 65% by weight of said polyolefin
component.

13. A method of recycling postconsumer plastics
waste comprising the steps of:

a. recovering from said waste a fraction including at
least about 75% by weight of polyolefin compo-
nent;

b. making a mixed melt consisting essentially of said
recovered faction and a polystyrene having a stor-
age modulus of at least about 10 Pascals in intimate
admixture with one another;

c¢. forming said mixed melt so that said mixed melt
flows during said forming step; and

d. cooling said formed mixed melt to solidify the same
and thereby form a solid product. |

14. A method as claimed in claim 13 wherein said
recovering step includes the step of removing identifia-
ble polyethylene terepthalate containers from said
waste so that the recovered fraction excludes said re-
moved polyethylene terepthalate containers.

15. A method as claimed in claim 14 wherein said
recovering step includes the step of removing unpig-
mented polyethylene containers from said waste so that
sald recovered fraction excludes the removed polyeth-
ylene containers.

16. A method as claimed in claim 13 wherein said
mixed melt includes between about 30% and about 40%
by weight of said polystyrene and wherein the remain-
der of said mixed melt consists essentlally of said recov-
ered fraction. '

17. A method as claimed in claim 16 wherein said
mixed melt includes about 35% by weight of said poly-
styrene.

18. A method as claimed in claim 13 wherein said
polystyrene has a storage modulus of at least about 107
Pascals.

19. A method as claimed in claim 13 wherein said
solid product includes a phase consisting essentially of
said polystyrene interspersed with a phase consisting
essentially of said recovered fraction.

20. A method as claimed in claim 19 wherein said
solid product has interpenetrating networks of said

phases.
* % %X =% ¥
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